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Abstract 
This project investigated the settling, survival and growth of Capitella sp. I in sediments 
contaminated with fluoranthene and acetyl cedrene. Different organic contents of the 
sediment and contaminant concentration levels were tested. Not much research has been 
done on this area, but Capitella sp. I is regarded as important pollutant indicator and 
bioremediation organism, which gives initiative to investigate their behaviour. In the 
experiment three organic content levels (100%, 75% and 50%) and three different 
contaminant levels for fluoranthene (0, 45, and 90 µg Flu g-1 DW sediment) and for 
acetyl cedrene (0, 1, and 50 µg AC g-1 DW sediment) were used. The larval settlement 
was observed for ten days and the survival and body volume of the worms was 
measured on days 12 and 25 of the experiment. The contaminant levels of the sediments 
did not seem to affect the larval settlement but it did seem to affect the survival and the 
body volume of Capitella sp. I. The different organic contents of the sediments seemed 
to affect larval settling, survival and body volume of the worms. Capitella sp. I prefers 
and does better in the highest organic content sediment. 
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1. Introduction 
The purpose of the project is to compile information about how the contaminant 
concentrations, fluoranthene and acetyl cedrene, and organic content in the sediment 
can affect the settlement of the larvae. Larval settling is crucial for recolonisation of 
disrupted marine areas. Therefore knowledge about which factors increase or decrease 
larval settling ability is very important for understanding recolonisation mechanisms.  
1.1. Contaminants in the environment 
There are problems with defining what can be classed as a contaminant because 
compounds which are classed as contaminants enter ecosystems through natural 
processes, such as volcanic activity and the weathering of rocks, and also through 
human activity. One way of defining a contaminant could be as “a substance present in 
greater quantities than natural concentration as a result of human activity” (Newman et 
al., 2003).  In addition, according to Newman et al. (2003) a pollutant could be 
classified as “a substance that occurs in the environment at least in part as a result of 
man’s activities, and which has a deleterious effect on living organisms”. So unless a 
substance is not harmful to organisms it is not a pollutant. In some cases a distinction 
can be made easily, for example mortality of wildlife after a oil spill, but because the 
environment is exposed to a variety of contaminants it is usually difficult to identify 
which substance has deleterious effects on organisms. Contaminants can be classed into 
two categories: inorganic and organic. In this project the focus will be on organic 
contaminants. 
Compounds which contain carbon are described as organic, with the exception of a few 
simple compounds such as CO2 and CO. There exists a very wide variety of organic 
compound thanks to carbon’s ability to enter into many different stable formations 
forming complex compounds. In addition to forming stables bonds with its self, carbon 
is able to form stable bonds with hydrogen, oxygen and nitrogen atoms.  Compounds, 
which contain only carbon, are essentially non-polar but the compounds which contain 
other atoms might be polar or more polar that carbon only molecules (Walker et al., 
1996). The behaviour of molecules is dependent on their molecular structure. The 
polarity and reactivity of organic compounds depends on their functional groups, for 
example, if a molecule contains a hydroxide or aldehyde group they behave differently. 
 5
Molecules of high polarity tend to be more reactive in chemical and biochemical 
reactions than molecules with of low polarity (Walker et al. 1996).  The fate of 
contaminants in the environment depends on the characteristics of the molecule, so in 
order to predict and understand the fate of a contaminant on the ecosystem it is 
important to know the chemical properties of the contaminant.  
Contaminants can enter the system in various ways. For example by unintended release 
in the course of human activities, for example, shipwrecks, and fires, by disposal of 
wastes or by deliberate application of biocides. The ecosystem can be categorised into 
three compartments which contaminants may enter: air, land, and water. Contaminants 
may also exist in a fourth compartment the “biota” which contains living organisms 
(Walker et al., 1996). It is important to know the characteristic of the system in which 
the contaminant is in because in different systems different processes are significant 
(Newman et al. 2003). So a contaminant may behave quite differently in the air where 
there is a lot of oxygen and in anaerobic conditions in a eutrophic lake.  This project 
concentrates on the water compartment of the environment. 
Some of the main routes that contaminants enter surface waters are sewage outfalls, 
outfalls from commercial premises, outfalls from nuclear power stations, run-off from 
land, from the air, dumping at sea, release from oil rigs and terminals, and shipwrecks 
(Walker et al. 1996). The types of contaminants released from the different sources vary 
greatly, from radionuclides to heavy metals to organic compounds. After the release of a 
contaminant into moving water, dilution and degradation occurs. Because of this it is 
more likely that biological effects of contaminants can be seen near the site of release. 
Contaminants can be transported over various distances, depending on their physical 
characteristics and the current of the water. Thus contaminants in streams and rivers are 
usually washed way, but they can become concentrated in lakes and inland seas, which 
is a great concern because the level of contaminant may rise acutely high. In oceans, 
contaminants are transported by currents thus not distributing the contaminant evenly 
throughout the ocean although contaminant levels are usually diluted more in the ocean 
than in lakes because of the large water mass (Walker et al. 1996).  In addition to 
mobility the persistence of the contaminant could be considered the other one of the two 
most important factors that dictate the effects that the contaminant can have on the 
environment. Again, like with mobility, the chemical properties of the contaminant 
determine how persistent it is in the aquatic environment (Shaw et al. 1998). 
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Compounds which are not stable are readily hydrolysed in the aquatic environment thus 
present only a few problems as aquatic contaminants unless the transformation products 
are toxic. Also volatile compounds tend not to persist long in the water. Hydrophilic 
compounds tend to dissolve and distribute out throughout the water, but hydrophobic 
compound tend to become associated with particulate matter, such as sediment, but they 
can also exist on the surface of the water (Walker et al. 1996). Hydrophobic 
contaminants may also bind to dissolved organic matter in the water (Landrum et al. 
1996). 
In this project the contaminants in the sediment is of particular concern. Sediments are 
associations between organic and inorganic particles and living organisms. Organic 
contaminants may be adsorbed to the particles in the sediment limiting their mobility 
and the availability to organisms near the sediment (Walker et al. 1996). Because of the 
complex nature of sediment and the interaction between the sediment and organisms it 
is difficult to predict and determine the contaminant exposure and accumulation from 
sediment. Factors which contribute to these interactions according to Landrum et al. 
(1996) are: 1) chemical characteristics and concentration of contaminant, 2) physical 
and chemical characteristics of sediments, 3) the presence of complex mixtures that can 
produce confounding effects when related to sediment constituents and biota, 4) 
organism behaviour and physiology influenced by such environmental factors as 
temperature, nutrient availability, and habitat that can modify the exposure between 
species and temporally within species and 5) the length of sediment/contaminant contact 
time, which can change bioavailability. For example the oxygen content of the 
sediment, and overlying water, may affect the rate of chemical and biochemical 
transformations of the contaminant. This is because as the oxygen content declines the 
amount of reductive transformations increase and the amount of oxidative 
transformations decrease (Walker et al. 1996). Since sediment types differ from place to 
place the fate of a contaminant might be different thus affecting the environment 
differently. 
The degradation of a contaminant may happen through biotic or abiotic reactions. Many 
of the abiotic reactions involve reactions with oxygen (oxidation) or water (hydrolysis). 
Abiotic reactions include reactions in the dark and reactions initiated by light 
(photolysis). In photolysis reactions the contaminant absorbs light energy and the 
chemical bonds in the molecule may breakdown and degradation of the molecule 
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occurs. Molecules only absorb certain wavelengths of light and this light must have 
enough energy to excite the molecule. Some molecules, such as PAHs, are good UV 
absorbers and a liable to photolysis. The most important process in controlling the 
degradation of environmental contaminants is biologically meditated reactions. 
Microbial enzymes aid the reaction, which would happen slowly abiotically, increasing 
the rate of degradation (Newman et al., 2003) 
When a contaminant enters the organism, it can be called a xenobiotic, which is defined 
as a foreign substance in an organism (Walker et al. 1996). The net accumulation of a 
contaminant in or on an organism is called bioaccumulation. Uptake of a contaminant 
can occur through the dermis, gills, pulmonary surfaces or gut by three general routes: 
the lipid, aqueous, and endocytotic route. Several mechanisms such as adsorption, 
passive diffusion, active transport, facilitated diffusion, endocytosis and solvent drag 
can be used to uptake contaminants. Several of these processes may be important for 
any particular contaminant, exposure scenario and species (Newman, 1998). The 
contaminant can be biotransformed once it enters the organism. Enhanced elimination, 
detoxification, sequestration, redistribution, or activation of the contaminant may occur 
once it is biotransformed. Biotransformation may have good effects, for example, in the 
case of lipophilic xenobiotics which are usually converted to more hydrophilic 
compound thus enhancing the rate of loss from the compound, but sometimes activation 
of a xenobiotic may occur causing more harm to the organism. Organic compounds are 
biotransformed in two phases. In the first phase xenobiotics are made more hydrophilic 
by, for example, oxidation, hydrolysis, or reduction, and in the second stage a conjugate 
is formed. The xenobiotic may be secreted after phase one and never undergoes phase 
two (Newman, 1998). If the contaminant is not excreted from the organism it may be 
transferred to higher trophic levels. 
1.2. Polycyclic Aromatic Hydrocarbons (PAHs): Fluoranthene 
Polycyclic aromatic hydrocarbons are compounds composed of two or more fused 
aromatic rings. PAHs can be generated by different ways such as incomplete 
combustion of organic matter (pyrogenic), natural process like forest burning after a 
lightning strike or catagenesis of petroleum (petrogenic), and as a direct result of human 
activities like the misuse of creosote. PAHs vary widely in their physical properties and 
cover a wide range of structures. They can be separated in two groups depending on 
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their molecular weight, the higher-molecular-weight PAHs and the lower-molecular-
weight PAHs, of which the higher-molecular-weight PAHs are hydrophobic compounds 
that can accumulate in sediments and organisms (mostly invertebrates with reduced 
metabolic activity) and some of them are considered carcinogens or precursors of 
carcinogenic metabolites. The lower-molecular-weight compounds generally have 
acutely toxic properties. (Newman & Unger, 2003).  PAHs are carried into surface 
waters of the aquatic environment by atmospheric deposition, runoff, erosion etc (Gao 
et al., 1998). 
Fluoranthene, the PAH compound used in this study, is the most abundant PAH in the 
environment and one of the most acutely toxic PAHs, it is very hydrophobic and 
strongly associates with particulates, it also is relatively resistant to photolytic and 
microbial degradation in sediments and it bioaccumulates readily (Kure & Forbes, 
1997). 
                                                  
Figure 1.1 Fluoranthene, C16H10 
 
1.3. Fragrance materials: Acetyl Cedrene 
Fragrance materials (FMs) are a very structurally diverse chemical group used in low 
concentrations in almost all consumer products to give them consumer favourite odours. 
(Simonich et al., 2000). They are generally semi volatile organic compounds (SOCs) 
released to the environment principally by the discarding of consumer products 
(Simonich et al., 2000). Because of the diversity of the physical and chemical 
characteristics of FMs, their ecotoxicity is very variable, and their biodegradation rates 
can range from readily biodegradable to not biodegradable (Simonich et al., 2000). 
The fragrance material that has been used in this study is acetyl cedrene (3R-
(3a,3ab,7b,8aa))-1-(2,3,4,7,8,8a-hexahydro-3,6,8,8-tetramethyl-1H-3a,7 
methanoazulen-5-yl)ethan-1-one).  
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Figure 1.2 Acetyl cedrene, C17H26O 
The acetyl cedrene has similar chemical and physical characteristics to HHCB and 
AHTN, synthetic musk fragrances recognized as relevant contaminants of the aquatic 
environment because of their significant lipophilic and persistent nature with a tendency 
to bioaccumulate in fish and other organisms (Mitjans & Ventura, 2004; Rimkus, 1999). 
1.4. Deposit feeders 
Deposit feeders are organisms, which meet their nutritional needs from the organic 
fraction of sediment. Because sediment is usually poor in organic content deposit 
feeders must ingest massive amounts of sediment and then sort through the sediment 
before digesting it. This type of feeding habits cause bioturbation in the soil and it has 
profound effects on the microbial, chemical and geological properties of the sediment 
(Lopez et al., 1987). Thus the persistence of PAHs in the sediment may be profoundly 
affected by bioturbation of the sediment by the ingestion and biotransformation or 
indirect influence of microbial degradation of PAHs. The significance of these effects is 
most likely species specific (Palmqvist et al. 2003) 
Potential food sources of deposit feeders are microbes, meiofauna and non-living 
organic matter (Lopez et al., 1987). Deposit feeders are not able to break down plant 
residue, such as cellulose, so they depend on microbes to break down such matter. 
Microbial stripping has been suggested as one feeding habit of deposit feeders. This is 
when deposit feeders ingest microbes and organic debris with the sediment and inside 
the gut microbes recolonise the organic debris and hydrolyze it into fractions that the 
deposit feeders can use (Lopez et al., 1987). The deposit feeders also digest a part of the 
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microbe colony. The microbe abundance in many types of sediment does not seem to be 
very high, but it has been suggested that the feeding habits of deposit feeders cultivate 
the growth of microbes. Mechanisms that may contribute to the stimulation of microbial 
growth by microbial stripping are relaxed competition, selection of rapidly growing 
strains and simulation by factors in the gut (Lopez et al., 1987). 
Deposit feeders prefer to digest smaller and low-density particles probably because this 
provides a larger surface area. However other properties of the particles such as the 
texture, shape and the presence of organic matter, also play a role in the selection of the 
particles (Horng et al., 1999). Selection of particles is done before ingestion by, for 
example, tentacles or mucus or after ingestion in the gut of the organism (Lopez et al. 
1987) depending on the characteristics of the organism.  
1.5. Capitella sp. I. 
The deposit feeding polychaete used in this project was Capitella capitata. The species 
includes many variants and the one used was species one (will be referred to as 
Capitella sp. I in this report). Capitella sp. I is an opportunistic species which prefers 
organically rich soil and is found often in estuarine and costal areas. The species often 
dominates in heavily polluted areas and so dense populations of Capitella sp. I are 
considered as pollution indicators (Horng et al., 1999, Snelgrove et al., 2001). 
Capitella are subsurface deposit-feeders and have a sac-like pharynx to consume 
sediment. Mucus may play a key role in the selection of sediment because of the lack of 
food-manipulating appendages, such as tentacles. The use of mucus as a selectivity 
mechanism may affect the selection patterns of particles. For instance the presence of a 
non-ionic hydrophobic organic contaminant on the particles may alter the affinity 
between the mucus and the particle thus affecting the ingestion of it (Horng et al., 
1999).  
Capitella sp. I larvae are lecithotrophic and can settle in sediment upon release from the 
brooding tube. The larvae prefer organic-rich soil and this selectivity is maintained over 
3-6 days. After settlement the metamorphosis of the larvae begins. This characteristic 
gives the opportunity for the larvae to disperse into the surrounding areas. (Snelgrove et. 
al, 2001) The species has a “boom and bust” population dynamic where there is rapid 
colonisation and an increase in population size followed by a sharp decline. The 
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population density of Capitella may even exceed 200,000 individuals m-2 (Palmqvist et 
al., 2006). The population pattern of Capitella may depend on a few factors. For 
example, on the availability of small, liable organic particles which are rich in nitrogen. 
As the Capitella population grows they consume the organic particles and package them 
into faecal pellets making the particles unavailable to use anymore causing a nutrient 
shortage which may lead to a decline in population. Also settling larvae do not like to 
settle in areas which are already highly populated by deposit feeders, by the same 
species or other species, and their settlement depends on the quality and quantity of 
organic matter in the soil so the larvae tend not to settle on populated areas, which then 
decreases the population growth of the area (Snelgrove et. al, 2001). 
Because of the efficient organic matter decomposing abilities of the Capitella it has 
been used in bioremediation in the marine ecosystem (Snelgrove et al., 2001). It has 
been observed that Capitella sp. I has a detoxification system that can transform 
fluoranthene to polar and aqueous metabolites over several days of exposure. Little is 
known about the toxic properties of these metabolites (Palmqvist et al., 2003).  
Due to Capitella sp. I opportunistic settling and detoxification traits it is a relevant link 
in the recolonisation of polluted areas. Once it has inhabited an area and started to 
remediate the area by feeding and bioturbation, the area can be inhabited by other less 
opportunistic and tolerant species. 
The aim of our study was to examine and compare to which degree Capitella sp. I 
larvae settle and develop in sediment with different organic contents and different 
concentrations of two hydrophobic model compounds (fluoranthene and acetyl 
cedrene). One important question is whether the larvae would prefer sediment with high 
organic content and high contaminant concentration over clean but low organic 
sediment, and if so how would affect their initial development in the sediment. 
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2. Materials and Methods 
2.1. Capitella sp. I 
According to Palmqvist et al.(2003), Capitella sp. I used in this experiment were 
originally collected from Setauket Harbor, Long Island (NY, USA) and identified in 
1984 by J.P. Grassle. The Capitella sp. I were reared in aquaria containing 2-4 cm of 
azoic sediment (<250 µm) and filtered seawater (31‰) at 17°C. The laboratory cultures 
were regularly fed with a mixture (1:1:1 by weight) of ground fish food (Tetramin©, 
Tetra Werke, Melle, Germany), dried spinach, and baby cereal (Milpo©, Milupa, 
Hørsholm, Denmark). 
The larvae were collected by taking brooding tubes from the culture. The eggs from the 
brooding tubes were left to hatch in multiwell dishes for six days. The brooding tubes 
were in filtered 31‰ seawater (taken from NERI, National Environment Research 
Institute), which was the seawater that was used throughout the experiment. The larvae 
were all pooled together in the same Petri dish to get an even distribution of the genetic 
characters of Capitella sp. I. 
2.2. Sediment 
The sediment used in the experiment was collected at the Munkholm bridge, Denmark 
(55°40’26N, 11°48’52E) by scraping off the first 2-5 cm of the bottom layer. The 
sediment was sieved with freshwater to contain only <125 µm particles. The sediment 
was frozen for three days to kill possible meiofauna. 
2.2.1. Organic levels 
To prepare different organic contents of the sediment a batch of sediment was prepared 
where the organic content was burned off. To burn off the organic matter H2O2 was 
added to about 100g DW of sediment. Small volumes of H2O2 (35%) was added several 
times and the mixture was allowed to sit until the reaction stopped.  
After the sediment was depleted of organic content it was washed three times in 
demineralised water. The sediment was centrifuged at 2000rpm for about 10min. The 
supernatant was removed and the sediment was washed again. After washing with 
demineralised water the sediment was washed three times with seawater. The sediment, 
which was not depleted of organic matter (natural sediment), was also washed three 
times with seawater using the same procedure. 
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The wet weight dry weight ratios of both depleted and natural sediments were 
measured: Three pre-weighed samples of each sediment type were dried in an oven for 
about 24 hours at 105°C, and re-weighed after cooling. The different organic level 
content sediments, 100%, 75% and 50%, were prepared by mixing the depleted and the 
natural sediments. Of each sediment type, 150g dry weight (DW) was prepared. The 
amount of sediment needed for each type was calculated from the wet weight dry 
weight ratios. For 100% (H, high organic level) 239.68g wet weight (WW) natural 
sediment was used. For 75% (M, medium organic level) 50.7g WW depleted sediment 
and 177.53g WW natural sediment was mixed giving a total of 228.46g WW sediment. 
For 50% (L, low organic content) 101.08g WW depleted sediment and 119.91g WW 
natural sediment was mixed giving a total of 220.95g WW sediment. The wet weight 
dry weight ratios of the three different types were measured with the same procedure as 
used before. 
2.2.2. Spiking of the sediment 
The sediments were divided into two groups for the spiking of the sediment. All 
sediment concentrations used in the report are nominal concentrations. 
2.2.2.1. Fluoranthene 
The stock solution was prepared by measuring out 0.0090 g of fluoranthene (Flu) and 
adding 10 ml of acetone, giving a stock solution of 0.9 mg ml-1.  A part of the stock 
solution was diluted to 0.45 mg Flu ml-1 acetone. In three beakers 2 ml of 0.9 mg Flu 
ml-1 acetone solution added, in three other beakers 2 ml of 0.45 mg ml-1 solution was 
added and in three beakers 2 ml of acetone was added. The beakers were left to shake 
on a shaking table for two hours. The beakers were covered with aluminium to avoid 
photo degradation of fluoranthene.  
20g DW of each type of sediment were added to the beakers. This gives the final 
concentrations of 0 µg Flu g-1 DW sediment, 45 µg Flu g-1 DW sediment, 90 µg Flu g-1 
DW sediment. The beakers were put on the shaking table and left there for 24 hours to 
let the fluoranthene mix into the sediment.  
280 mg DW of sediment was weighed into each well in the multiwells. Nine multiwells 
with six wells in each were used in the experiment. One multiwell had only one type of 
sediment and one contaminant level, for example, H sediment with 45 µg FLU g-1 
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sediment  (see table 2.1). For each treatment there were six replicates. The multiwell 
dishes with sediment were frozen and taken out of the freezer a few days later when the 
experiment was due to start. On the next day 3ml of water was added to each well and 
the multiwells were placed in the same room as where the worms were kept, so that the 
temperature of the sediment would be the same as in the culture aquaria. On the starting 
day of the experiment the water in the multiwells was changed.  
Table 2.1Set up of experiment treatments for fluoranthene 
Contaminant Organic content of sediment (%) 
Contaminant 
concentration (µg Flu 
g-1 DW sediment) 
0 
45 50 
90 
0 
45 75 
90 
0 
45 
Fluoranthene 
100 
90 
2.2.2.2. Acetyl cedrene 
A stock sediment, of about 250 µg AC g-1 DW sediment, was prepared. Acetyl cedrene 
(AC) was weighed into a glass beaker and sediment was added on top so that it could 
not evaporate. For H sediment 0.0065 g of acetyl cedrene was added to 26.01 g DW of 
H sediment, giving a concentration of 249.88 µg AC g-1 DW sediment. M sediment was 
prepared by adding 0.0044 g of acetyl cedrene to 17.61 g DW of M sediment, giving a 
concentration of 249.79 µg AC g-1 DW sediment. L sediment was prepared by adding 
0.0054 g of acetyl cedrene to 21.60 g DW of L sediment, giving a concentration of 
250.04 µg AC g-1 DW sediment. The stock sediments were mixed and left on the 
shaking table for 24 hours. 
To make the spiked sediments stock sediment and uncontaminated sediment were 
mixed. For the sediments with 1 µg AC g-1 DW sediment 80mg DW of stock sediment 
was mixed with 19.92 g DW of uncontaminated sediment and for the sediments with 50 
µg AC g-1 DW sediment 4 g DW of stock sediment was mixed with 16 g DW of 
uncontaminated sediment. No amount of contaminant was added to the control 
sediment. 
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280 mg of contaminated sediment was put into each well of the multiwell dishes. Again 
nine multiwell dishes with six well were used (see table 2.2). 3 ml of water was added 
to each well and the multiwells were frozen. The multiwells were taken out of the 
freezer and placed into the same room as the worms three days before the start of the 
experiment. The water in the wells was changed in the starting day of the experiment. 
Table 2.2 Set up of experiment treatments for acetyl cedrene 
Contaminant Organic content of sediment (%) 
Contaminant 
concentration (µg 
AC g-1 DW 
sediment) 
0 
1 50 
50 
0 
1 75 
50 
0 
1 
Acetyl cedrene 
100 
50 
2.3. Design of the experiments 
The experiments were carried out as Settling and Initial Development experiments, in 
which a number of free-swimming larvae were added to the different sediment 
treatments on day 0 and the larval settling and juvenile survival and growth was 
measured during a total experimental period of 25 days. 
2.3.1. Larval settling 
For both the fluoranthene and acetyl cedrene experiments six larvae were placed into 
each well of the multiwell dishes by pipetting them. The settlement of the worms was 
checked after 6 hours, 2 days, 4 days, 6 days and 10 days. The settlement was checked 
by observing the wells through a microscope and noting the number of swimming 
larvae in the water column. On the 7th day 3ml of water was added to the fluoranthene 
multiwells and on the 5th day water was added to the acetyl cedrene wells. This was 
done because water evaporated from the wells.  
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2.3.2. Growth and survival of juvenile worms 
The growth and survival of the worms was measured on the second and third week after 
the beginning of the experiment. At each sampling time three of the six replicates of 
each treatment were harvested and the growth and survival was measured.  
The growth of the worms were measured by photographing the worms through a 
dissection microscope and with a computer program (cell^D©1) the area (A, mm2) and 
length (L, mm) of the worms were measured to calculate the body volume (BV) 
according to: BV = (π*A2)(4*L)-1.Since all larvae were assumed to have similar starting 
sizes (they cannot be measured due to handling stress), differences in growth between 
the different treatments can be measured as differences in worm volume at the sampling 
time. 
The survival was measured by counting the number of worms alive at the respective 
sampling times.  
The measurements were done on the 12th and 25th day of the experiment. To make it 
easier to detect the worms, samples taken on the 12th day were dyed with Bengal Rose B 
(C20H2Cl4I4Na2O5). Accidentally six wells (three of L 90µg Flu g-1 sediment and three 
of H 90µg Flu g-1 sediment) which should have been checked on the 25th day in the 
fluoranthene experiment were dyed on the 12th day. The water in the wells was taken 
out and the sediment was washed with seawater by adding seawater and taken out with 
a pipette. It was checked that no worms were in the water that was discarded. 
2.4. Statistics 
The settling patterns, survival and body volumes of the worms were analysed by two-
way ANOVA with day and treatment (for settling patterns), or organic content and 
contaminant level (survival, body volume) as factors. The percentage data of larval 
settling and survival was transformed by an arcsine transformation. The square root of 
the data was taken and then the arcsine of the square roots was calculated. The 
transformed data was used in the two-way ANOVA. The normality and the 
homogeneity of the data were visually assessed. Because of the small number of 
replicates the data did not conform very well to the assumptions. A log transformation 
                                                 
1 cell^D© 1986-2007, version 2.7 (build 1223), Olympus Soft Imaging Solutions GmbH 
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was tested to see if it would improve the homogeneity of the body volume data, but it 
did not, so the original figures were used. In cases where the two- way ANOVA showed 
a non-significant interaction effect (day× treatment, or organic content× contaminant 
level) a reduced model was run where the interaction term was omitted. A significance 
level of p ≤ 0.05 was used throughout. All statistical tests were preformed using 
SYSTAT®2.  
                                                 
2 SYSTAT®, SYSTAT 11 Copyright© SYSTAT Software Inc, 2004. All rights reserved. 
 18
Settlement of larvae in FLU in M sediment
0,5
0,6
0,7
0,8
0,9
1
1,1
0 2 4 6 8 10 12
Days
S
et
tle
m
en
t p
er
ce
nt
ag
e
M0
M45
M90
3. Results 
3.1. Larval settling 
The number of settled larvae was calculated by counting the swimming larvae in the 
water column of each well at established time, and comparing the amount to the 6 larvae 
that were originally placed into each well. The size of the larvae and the fact that they 
were swimming in the water made it difficult to count them, which may explain that in 
some cases there were found more larvae swimming than on the previous measurement 
(L90 in fluoranthene experiment and M50 in acetyl cedrene experiment). Also for this 
reason more than 6 larvae could have been placed in each well as explained in the 
survival measurements.  
3.1.1. Fluoranthene 
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Figure 3.1 Larval settlement in sediment containing fluoranthene 
Settlement of larvae in FLU in L sediment
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Figure 3.2 Larval settlement in low organic matter 
sediment 
Figure 3.3 Larval settlement in medium organic 
matter sediment 
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In figure 3.1 the percentage of settlement is represented in the different days of 
measurement for the different levels of organic matter in the sediment and the different 
levels of fluoranthene. In the figures 3.2, 3.3 and 3.4 the same data from figure 3.1 has 
been presented but they have been separated by organic content of sediment to make the 
differences clearer. 
The general pattern of the settlement shown in the graphs is that the larvae settle faster 
in the high organic content sediment, where most of them had settled on the second day   
of the experiment, followed shortly by the medium organic content sediment, which 
does not differ too much from the high organic content sediment, and where most of the 
larvae settled by day six. The slowest settlement is shown in low organic content 
sediment, where all of the larvae did not settle by the end of the experiment, but there is 
no statistically significant difference between days or treatments for low organic content 
sediment. There is a statistically significant result in the medium organic content level 
related to the days (p = 0.002). For high organic content sediment there was a 
statistically significant difference for days (p = 0.014) and treatments (p= 0.006). More 
graphs of the results can be seen in appendix A. 
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Figure 3.4 Larval settlement in high organic 
matter sediment 
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3.1.2. Acetyl cedrene 
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Figure 3.5 Larval settlement in sediment containing acetyl cedrene 
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Settlement of larvae in AC in H sediment
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Figure 3.6 Larval settlement in low organic matter 
sediment 
Figure 3.7 Larval settlement in medium organic 
matter sediment 
Figure 3.8 Larval settlement in high organic 
matter sediment 
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In figure 3.5 the percentage of settlement is represented in the different days of 
measurement for the different levels of organic matter in the sediment and the different 
levels of acetyl cedrene. In the figures 3.6, 3.7 and 3.8 the same data from figure 3.5 has 
been presented but they have been separated by organic content of sediment to make the 
differences clearer.  
As it can be seen from the graphs, the larvae settle right away when placed in high 
organic content sediment, and they settle slower in medium and low organic content 
sediment taking more time to settle in the lower organic content sediment especially in 
the highest acetyl cedrene concentration. It can also be seen that generally the larvae 
settle faster in the sediments with lower acetyl cedrene concentrations. At day six all 
larvae had settled in the different treatments. Statistically significant results have been 
obtained for the low organic content sediment for treatment (p = 0.002) and also in the 
medium organic content sediment related to the days (p = 0.003) and treatment (p = 
0.009). Because all larvae settled right away in the high organic content sediment, there 
is no variation in the dependent variable and no values were obtained running the two-
ways ANOVA test. More graphs of the results can be seen in appendix B. 
3.2. Survival 
The survival of the worms was calculated by comparing the number of worms found 
alive to the number of larvae added into each well (6 larvae). However in some wells 
more than six worms were found alive and these wells were not used to calculate 
survival results. As a consequence the results for six fluoranthene wells and for four 
acetyl cedrene wells had to be omitted from result handling (see table 3.1). This caused 
the problem that fluoranthene L0 has no results for day 25. 
Table 3.1 Wells omitted from survival results 
Contaminant Day Treatment ?umber of 
wells 
omitted 
12 M45 1 
L0 3 
H0 1 
Fluoranthene 
25 
H45 1 
12 H0 2 
M0 1 
Acetyl cedrene 
25 
H1 1 
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3.2.1. Fluoranthene 
It can be seen that the survival of the worms in the sediment contaminated with 
fluoranthene was different on the two testing days (figure 3.9). On day 12 of the 
experiment most of the worms survived and there was no statistically significant 
difference between the treatment types. On day 25 of the experiment there was a 
statistically significant difference (p = 0.050) between the contaminant levels of the 
sediments, but not between the different organic levels (p = 0.315). It can be seen from 
the graph that generally the highest contaminant level (90 µg Flu g-1 sediment) had the 
most effect on the worms on day 25. 
3.2.2. Acetyl cedrene 
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Figure 3.9 Survival of worms in sediment contaminated with 
fluoranthene 
Figure 3.10 Survival of worms in sediment contaminated 
with acetyl cedrene 
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From figure 3.10 it can be seen that there is a trend that the higher the contaminant level 
the lower the survival of the worms was. The survival of the worms in the sediment 
which contained acetyl cedrene had a statistically significant difference between 
contaminant levels on both day 12 and day 25 of the experiment (p = 0,026 and p = 
0,002, respectively). There was no statistically significant difference between organic 
levels on either of the days. From figure 3.10 it can be seen that the highest contaminant 
level (50µg Ac g-1 sediment) had the most effect on the worms and in M50 no alive 
worms were found on day 25. A few dead worms were found in all 50µg Ac g-1 
sediment treatments. 
3.3. Body volume 
The body volume of the worms was calculated by the formula BV= (πA2)(4L)-1. The 
length of the worms and the area of the worms was measured by cell^D© program. 
When measuring the body volume of the worms there was a technical mistake, which 
was noticed after measurements. The magnification of the camera that was used was set 
wrong. A picture of a mm-grid was taken and a conversion factor for the length and the 
area of the worms was calculated. This affected all the results except for the 
fluoranthene results on day 12. The wells with more than six worms were not omitted 
from the handling of these results.  
 
3.3.1. Fluoranthene 
As it can be seen from the figure 3.11 the general trend of body volumes on day 12 is 
that in the sediment with the highest contaminant concentration the size of the worms is 
Figure 3.11 Mean body volume of worms in sediment contaminated by fluoranthene 
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smaller and the higher the organic level the larger the worms are. However on day 25 
there are not such trends. A very noticeable deviance in the data is that the L45 worms 
on day 25 were about the same size as the worms in the high organic content sediment 
and that the worms in L0 sediment were a lot smaller that the worms in the L45 
sediment. There is a statistically significant difference between the organic and 
contaminant level on day 12 (p = 0.007 and p = 0.014, respectively) but on day 25 there 
are no statistically significant differences.  
3.3.2. Acetyl cedrene 
The general trend of body volumes is that the higher the organic content of the sediment 
the larger the worm and the higher the contaminant concentration the smaller the worm 
(see figure 3.12). But on day 12 the body volume in L1 and H1 treatments were higher 
than in L0 and H0, though this difference would not prove statistically significance due 
to the large standard deviations. It can also be seen that the body volumes of the worms 
on day 25 are smaller than the body volumes on day 12. On both day 12 and 25 there is 
a statistically significant difference between the contaminant levels (p = 0.009 and p = 
0.005, respectively). On day 25 there is a statistically significant difference between the 
organic levels (p = 0.0024) but on day 12 there is only a tendency between the different 
organic levels (p = 0.0085). 
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Figure 3.12 Mean body volume of worms in sediment contaminated by acetyl cedrene 
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4. Discussion 
4.1. Larval settling 
4.1.1. Fluoranthene 
The settlement of Capitella sp I. larvae in low organic content sediment (L sediment) 
(figure 3.2) compared to settlement in medium organic content (M sediment) and high 
organic content (H sediment) sediment seemed to be considerably slower. This could 
have been caused by the low amount of organic content in the sediment, which could 
have stressed the larvae. Within the L sediment, no statistically significant differences 
have been seen between the treatments, however there were some trends. In the L 
sediment at first larvae in the sediment with no contaminant was settling the slowest, 
but after day six larvae in the sediment with the highest concentration (90 µg Flu g-1 
DW sediment) settled the slowest. During the whole experiment L sediment with 45 µg 
Flu g-1 DW sediment settled the fastest. The settling rate of polychaete larvae depends 
on how favourable they consider the sediment to be, i.e. organic content and level of 
contaminants (Chandler et al., 1997; Snelgrove et al., 2001). It could be hypothesised 
that by adding a low amount of an organic contaminant to the L sediment the organic 
level of the sediment rose slightly and so the larvae preferred to settle in the L45 
sediment rather than the L0 sediment, where there organic level was then slightly lower. 
However in the L90 sediment the contaminant level may have been too high for the 
larvae that were already stressed by the low organic content of the sediment. The lack of 
statistically significant differences between the treatments may be due to the large 
standard deviations in the data. The settling patterns of the larvae in L sediment differed 
a lot because the sediment conditions were not good for settlement and it is possible that 
if a few larvae settled then the rest of the larvae would follow the cue (Palmqvist, A., 
2008). 
A similar pattern to L sediment was seen in M sediment (figure 3.3), but the larvae 
settled more quickly in M sediment. M45 sediment had the highest settling rate and 
M90 the slowest. Again the little addition of organic content could have encouraged the 
settlement of larvae, but the highest concentration could have stressed out the larvae too 
much. However there was no statistically significant difference between the treatments, 
only between the days. 
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In H sediment the larvae settled quicker than in the M sediment. This could have been 
due to the fact that there was more organic matter in the H sediment, which is an 
important factor in the choice of settlement site (Snelgrove et al., 2001). The larvae 
settled the slowest in the H0 sediment, but before the experiment started it was expected 
that it would have the highest settlement rate because of the natural organic matter 
content and no contaminant which could have stressed the worms. However as seen in 
the L and M sediment the addition of organic contaminant seemed to increase the 
settling rate of the larvae. Compared to the other sediments it was unusual that H90 
settling rate was faster than H0 settling rate and the statistically significant difference in 
treatments probably arose from the difference of H0 from the other two treatments. No 
explanation of the observed pattern can be presented at the moment. Even though there 
were some anomalies within the H0 sediment, in the general scale of settling patterns 
H0 had one of the highest rates. 
In general the larvae did not seem to differentiate between the contaminant treatments 
(appendix A, figure A.2) and so they probably could not sense the presence of 
fluoranthene. Chandler et al. (1997) could also see that the settlement of polychaete 
larvae was reduced but not significantly affected by different concentrations of PAHs. 
The Capitella sp. I larvae had different settling rates between the different organic 
levels (appendix A, figure A.1). The settling rate of larvae in the L sediment was lower 
than that of H and M sediment. It seemed that in the case of fluoranthene contamination 
the larvae settling was more dependant on the organic content of the sediment than on 
the contaminant level of the sediment. 
4.1.2. Acetyl cedrene 
The settling pattern in the L sediment contaminated with acetyl cedrene was similar to 
that of fluoranthene. The sediment with the highest contaminant level (50 µg AC g-1 
DW sediment) had the lowest settling rate and the sediment with medium contaminant 
level (1 µg AC g-1 DW sediment) had the highest rate.  So again the addition of organic 
matter may have influenced the settling of the larvae and also the low organic matter in 
the sediment could have stressed the larvae so that the high contaminant concentration 
had a significant effect on them. 
In the M sediment all the larvae in the M0 and M1 sediment settle by the second day, 
but the larvae in M50 sediment settle by the 10th day. There was a statistically 
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significant difference between the days and the treatment. The different settling pattern 
could have been caused by the stress that the high contaminant level in M50 causes on 
the larvae. 
The larvae in H sediment settled by the 6th hour. So there was no difference between the 
treatments, which could have been explained by the presence of high organic matter. It 
is important to note that there was no response from the larvae to the presence of 
contaminant. In the other sediments contaminated with acetyl cedrene and fluoranthene 
there has been a difference in the settling rate of the larvae in the sediment contaminated 
with the highest contaminant concentration. It could have been that the concentration of 
acetyl cedrene was not high enough to be sensed by the larvae or cause any effect on 
them under otherwise non-stressful conditions (i.e. plenty of organic matter). 
The survival of the worms in sediments with a concentration of 50 µg AC g-1 DW 
sediment was not as high as in the other sediments. As the settlement of the larvae was 
measured by counting the swimming larvae it is possible that some of the larvae did not 
settle, but died. This would alter the results so that the actual settlement would be lower 
than the measured settlement.  
As seen in the fluoranthene experiment the larvae preferred to settle in high organic 
content sediment (appendix B, figure B.1). For L and M sediment there was a 
statistically significant difference between the treatments and so it could be seen that 
when under stress the larvae do not like to settle in sediment with a high contaminant 
level. And in general it could be seen that they prefer to settle in sediment with 0 or 1 µg 
AC g-1 DW sediment (appendix B, figure B.2). However the difference in settling rates 
was not large. Compared to the settling rate of larvae in sediment containing 
fluoranthene, the settling rate of larvae in sediment containing acetyl cedrene was faster, 
which indicated that they did not sense it as much as fluoranthene. 
4.2. Survival 
4.2.1. Fluoranthene 
The survival of worms on day 12 was high. There was no difference between the 
treatments (figure 3.9). Linke-Gamenick et al., (2000) also found that there was no 
effect on survival observed when Capitella sp. I were exposed to fluoranthene 
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concentrations in the range 0 to 95 µg Flu g-1 DW sediment. This showed that the 
Capitella sp. I have a high tolerance to fluoranthene.  
On day 25 the survival of the worms was significantly lower in some of the treatments 
(L45, L90, M90 and H90). There was a statistically significant difference between the 
treatments. However because of the handling mistake in treatments L90 and H90 the 
data might have been altered and so can not be interpreted reliably.  
It can be seen on day 25 that the organic content of the sediment has an effect on the 
survival of the worms, so that the survival was the highest in H sediment and the lowest 
in the L sediment. After the worms ate most of the organic matter the contaminant in the 
sediment might have started to stress the worms, which could explain why the survival 
in the highest contaminant concentrations was the lowest (figure 3.9). 
4.2.2. Acetyl cedrene 
The survival of the larvae on day 12 was high for 0 and 1 µg AC g-1 DW sediment and 
was lower for 50 µg AC g-1 DW sediment. The difference of concentration between 1 
µg AC g-1 DW sediment and 50 µg AC g-1 DW sediment was a lot larger than between 0 
µg AC g-1 DW sediment and 1 µg AC g-1 DW sediment, so the results of 0 and 1 µg AC 
g-1 DW sediment were more similar as was expected (figure 3.10).  Also on day 25 the 
pattern of survival within the organic levels was the same. The pattern could have been 
caused by the fact that the worms could not survive in 50 µg AC g-1 DW sediment 
because the level of contaminant was high enough to exert a toxic effect in worms.  
On day 12 M50 was much lower than L50 and H50, however the standard deviation 
was very large. On day 12 the worms, especially in 50 µg AC g-1 DW sediment, were 
very small. Due to this the finding of worms was very difficult and some worms may 
not have been found.  
4.3. Body volume 
4.3.1. Fluoranthene 
On day 12 the worms in the sediment with the highest contaminant concentration had 
the smallest body volumes (figure 3.11). There was a statistically significant difference 
between the contaminant treatments which have been caused by the 90 µg Flu g-1 DW 
sediment treatment because the other contaminant levels do not differ much. This was 
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due to a toxic effect of the fluoranthene. Linke-Gamenick et al. (2000) found that 
juvenile growth rate of Capitella sp. I was significantly reduced when worms were 
exposed to a sediment concentration of 95 µg Flu g-1 DW sediment. This provides 
support for the results that were gained from this experiment. 
On day 25 there was no consistent pattern in body volumes of the worms, but the body 
volumes of the worms were higher in each treatment than on day 12 (figure 3.11). When 
observing the wells on day 25 it was noticed that there was a lot of faecal pellet and not 
much organic matter left in the sediment. So the worms could have run out of food and 
the results are obscured by this. The exceptionally large body volume in treatment L45 
for day 25 could have been caused by the fact that there were only one or two worms 
left in the well and so they had more organic matter per worm to feed on (assuming that 
the other worms died early on in the experiment). For day 25 no conclusions about the 
size of the worms can really be made due to the irregular pattern of the body volumes 
and the handling mistake on treatments L90 and H90. 
The body volumes of the worms increased as the organic content of the sediment 
increased, so the worms in H sediment were significantly larger than the worms in the L 
sediment. This tendency could be explained by the fact that in the sediments with higher 
organic content the Capitella have more organic matter to consume. 
4.3.2. Acetyl cedrene 
On day 12 the same pattern as in fluoranthene was seen; the body volume of worms 
seemed to decrease as the contaminant level increases especially in the 50 µg AC g-1 
DW sediment (figure 3.12). The difference between the 0 and 1 µg AC g-1 DW 
sediment treatment was again not large maybe due to the small difference between the 
concentrations. Selck et al. (2006) found that sediment associated acetyl cedrene 
affected the growth of Capitella sp. I worms. They noticed that the highest body volume 
of the worms is at around 1 µg AC g-1 DW sediment. This rise in body volume was also 
seen in the results of this experiment for the L and H sediments. The small body 
volumes of the worms in the 50 µg AC g-1 DW sediment treatments could be caused by 
toxicity of acetyl cedrene, or acetyl cedrene may stress them and alter the amount of 
food that they consume. There was a tendency that the higher the organic content of the 
sediment the larger the worm, which was seen on day 12, treatments L1, M1 and H1, 
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and also L50, M50 and H50 (figure 3.12). This tendency could have been caused 
because in higher organic content sediment there is more food available for the worms. 
On day 25 the body volumes of the worms were smaller in all treatments than on day 12 
(figure 3.12). Again, like in fluoranthene treatments, the wells were full of faecal pellets 
and very little organic matter was left. If the food had run out the body volume of the 
worms might have started to decrease causing the results. However the same pattern as 
on day 12 was seen in the body volumes: the size decreased by contaminant level and 
increased by organic content level. On day 25 no increase in body volume of the 1 µg 
AC g-1 DW sediment was seen, except for a slight increase in M sediment. The small 
body volumes of the 50 µg AC g-1 DW sediment treatment could have been caused by 
the stress of the contaminant as mentioned before. The stress of the contaminant was 
maybe very high because even though there were only a few worms left in the wells, 
because of the low survival rate, the remaining worms did not grow large. 
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5. Conclusion 
The aim of this experiment was to test how Capitella sp. I reacted to different 
concentrations of fluoranthene and acetyl cedrene in different organic content levels in 
the sediment. The results obtained suggest that for both the fluoranthene and acetyl 
cedrene experiments the larvae settlement was more affected by the organic content of 
the sediment than by the contaminant level. Nothing in the present study indicates that 
Capitella sp. I larvae prefer clean sediment with low organic content over contaminated 
high organic sediment during settling. This suggests that the Capitella sp. I larvae do 
not sense the contaminants in the sediment at the levels tested. If the levels of these 
contaminants are generally lower in the environment, Capitella sp. I is able to 
recolonise into areas that maybe more sensitive organisms can not.  
Even though Capitella sp. I larvae can settle in the contaminated sediment, and their 
survival for a short period of time (12 days) is good, in the long run they do not survive 
well in sediments with high concentrations of fluoranthene or acetyl cedrene. The body 
volume of Capitella sp. I seemed to depend on the concentration of the contaminants in 
the sediment in both cases. Generally, Capitella sp. I grow better in sediment without 
contaminants, but at low acetyl cedrene sediment concentration they increased their 
body volume compared to the uncontaminated sediment. However, for both 
contaminants growth was significantly decreased at the highest contaminant levels. 
Growth and to some degree survival was decreased by low organic content of the 
sediment, though this decrease was considerably lower than the decrease caused by the 
sediment with the highest contaminant levels. If the worms only had the choice between 
high or low content of organic matter, it can be conclude that it is preferable for 
Capitella sp. I to settle in high organic content sediment because they survive there 
better and are more tolerant to contaminants than in low organic content sediments. 
Since the lower contaminant concentrations used in this study are much more 
ecologically realistic than the highest concentrations used, this study indicates that 
Capitella sp. I is able to recolonise and grow in sediments containing contaminants. 
According to these results and as mentioned in other articles Capitella sp. I could be 
used as pollution indicators (Snelgrove et al., 2001; Horng et al., 1999) and in 
bioremediation (Snelgrove et al., 2001). This is because Capitella sp. I seem to be able 
to recolonise into areas contaminated by fluoranthene and acetyl cedrene and are able to 
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survive and grow there. Capitella sp. I are also able to clean the sediment by 
repackaging fine sediment particles into faecal pellets and some of the organic 
contaminants in the sediment are tied to these pellets (Horng et al., 1987).  
Due to the very few experiments conducted about larvae settlement in contaminated 
sediments, the results of this experiment can contribute to the new branch of study. 
 33
6. References  
Articles 
Chandler, G.T., Shipp, M.R., Donelan, T.L., 1997. Bioaccumulation, growth and larval 
settlement effects of sediment-associated polynuclear aromatic hydrocarbons on 
the estuarine polychaete, Streblospio benedicti (Webster). Journal of 
Experimental Marine Biology and Ecology 213, pp. 95-110. 
Gao, J.P., Maguhn, J., Spitzauer, P., Kettrup, A., 1998. Distribution of polycyclic 
aromatic hydrocarbons (PAHs) in pore water and sediment of a small aquatic 
ecosystem. International Journal of Environmental Analytical Chemistry. Vol. 
69(3), pp. 227-242. 
Horn, C-Y., Taghon, G.L., 1999, Effect of contaminated sediments on particle size 
selection by the polychaete Capitella sp. I. Journal of Experimental Marine 
Biology and Ecology, 242, pp. 41-57. 
Kure, L.K., Forbes, T.L., 1997. Impact of bioturbation by Arenicola marina on the fate 
of particle-bound fluoranthene. Marine Ecology Progress Series. Vol. 156, pp. 
157-166.  
Linke-Gamenick, I., Forbes, V.E., Méndez, N., 2000. Effects of chronic fluoranthene 
exposure on sibling species of Capitella with different development modes. 
Marine Ecology Progress Series, Vol. 203, pp. 191-203. 
Lopez, R.G., Levinton J.S. 1987, Ecology of deposit-feeding animals in marine 
sediments. The Quarterly Review of Biology, vol. 62, No. 3, pp. 235-260. 
Mitjans, D., Ventura, F., 2004. Determination of musk and other fragrance compounds 
at ng/L levels using CLSA (closed loop stripping analysis) and GC/MS 
detection. Water Science and Technology. Vol. 50, No. 5, pp 119-123. 
Palmqvist, A., Selck H., Rasmussen L.J., Forbes V.E., 2003. Biotransformation and 
genotoxicity of fluoranthene in the deposit-feeding polychaete Capitella sp. I, 
Environmental Toxicology and Chemistry, Vol 22, No. 12, pp. 2977-2985. 
Palmqvist, A., Rasmussen, L.J., Forbes, V.E., 2006, Influence of biotransformation on 
trophic transfer of the PAH, fluoranthene. Aquatic Toxicology 80, pp. 309-319. 
 34
Rimkus, G.G., 1999. Polycyclic musk fragrances in the aquatic environment. 
Toxicology Letters 111, pp. 37-56. 
Selck, H., Petersen, D.G., Forbes, V.E., Salvito, D., 2006. How macrofauna and 
microbes interact in the presence of a fragrance material (in prep.). Roskilde 
University, Denmark. 
Simonich, S.L., Begley, W.M., Debaere, G., Eckhoff, W.S., 2000. Trace analysis of 
fragrance materials in wastewater and treated wastewater. Environ. Sci. Technol. 
34, pp. 959-965. 
Snelgrove, P.V.R., Grassle, J.P., Zimmer, C.A., 2001, Adult macrofauna effects on 
Capitella sp. I larval settlement: A laboratory flume study. Jounal of Marine 
Research, 59, pp. 657-674. 
Books 
Landrum, P.F., Harkey, G.A., Kukkonen, J., 1996, Ecotoxicology a hierarchical 
treatment. Chapter 4: Evaluation of organic contaminant exposure in aquatic 
organisms: the significance of bioconcentration and bioaccumulation. CRC Press 
Inc, Boca Raton, FL. pp. 85-132. 
Newman, M.C., 1998, Fundamentals of ecotoxicology, Sleeping Bear Press Inc. 
Chelsea, MI. 
Newman, M.C., Unger, M.A., 2003, Fundamentals of ecotoxicology. 2. ed. Lewis 
Publishers, Boca Raton, FL. 
Shaw, I.C., Chadwick, J., 1998, Principles of environmental toxicology. Taylor & 
Francis Ltd. London. 
Walker, C.H., Hopkin, S.P., Sibly, R.M., Peakall, D.B., 1996, Principles of 
ecotoxicology. Taylor & Francis Ltd., London. 
Personal communication 
Palmqvist, A., 2008. Personal observations on settlement patterns of Capitella. May 22, 
2008. 
 35
 
 
 
 
Appendix A 
Fluoranthene 
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Figure A. 1 Settlement of larvae categorised by organic content in sediment contaminated 
with fluoranthene 
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Figure A.2 Settlement of larvae categorised by contaminant level in sediment contaminated 
with fluoranthene  
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Figure A.3  Settlement of larvae in sediment contaminated with fluoranthene 
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Figure A.4 Settlement of larvae in sediment contaminated with fluoranthene 
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Figure A.5 Settlement of larvae in sediment contaminated with fluoranthene 
 
 
 38
Appendix B 
Acetyl cedrene 
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Figure B.0.1 Settlement of larvae categorised by organic content of sediment in sediment 
contaminated with acetyl cedrene 
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Figure B.0.2 Settlement of larvae categorised by contaminant level in sediment 
contaminated with acetyl cedrene 
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Figure B.0.3 Settlement of larvae in sediment contaminated with acetyl cedrene 
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Figure B.0.4 Settlement of larvae in sediment contaminated with acetyl cedrene 
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Figure B.5 Settlement of larvae in sediment contaminated with acetyl cedrene 
 
 
